Lifetime lactation in relation to breast cancer risk was examined in a case-control study in two counties in western New York. Cases were women age 40 years and over with incident, primary, histologicalty confirmed breast cancer. Controls were age-and county-frequency matched, selected from New York State driver's license records (for those less than age 65 years) and from Health Care Finance Administration Records (for those age 65 or more). Included were women with at least one livebirth (253 premenopausal and 367 postmenopausal cases and 266 premenopausal and 427 postmenopausal controls). Breast cancer risk was very weakly associated with long duration of lactation among premenopausal women; the odds ratio for at least 20 months lifetime lactation was 0.50 <95% confidence interval 0.21-1.12). Among postmenopausal women, the protective effect of lactation was restricted to women with first lactation before age 25 years (odds ratio = 0.67, 95% confidence interval 0.46-0.95). However, age at first birth was highly correlated with age at first lactation. Neither insufficient milk as a reason for not breastfeeding nor having received medication to stop milk flow was associated with increased risk. These findings are in accordance with accumulating evidence that lactation may have a weak protective effect on breast cancer risk. Am J Epidemiol 1997;146:932-8.
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While there are a number of reports that lactation, particularly prolonged lactation, may have a weak protective effect against breast cancer (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) , the epidemiologic findings are far from conclusive. There are some indications that lactation may be protective only for premenopausal breast cancer (6, 11, 13, 15, 16) , that early age at first lactation may be of significance (13, 18) , that inability to breastfeed may be the relevant variable (6) , and that duration of lactation is of importance (4-9, 11, 13-16) . The potential role of lactation in the prevention of breast cancer is certainly of interest because it is a modifiable risk factor, and understanding of the role of lactation could contribute to our understanding of the etiology of a disease with enormous public health significance. In this casecontrol study of women in western New York, we examined the association of lifetime lactation with risk of breast cancer.
MATERIALS AND METHODS
Lactation was examined in relation to breast cancer risk as part of a case-control study of breast cancer in premenopausal and postmenopausal women in western New York State. All participants provided written informed consent; procedures for protection of human subjects in this study were approved by the Human Subjects Review Board of the State University of New York School of Medicine and Biomedical Sciences and the review boards of each of the participating hospitals. Included were women between ages 40 and 85 years who were residents of Erie and Niagara counties, able to speak English, and in sufficiently good health to be interviewed. All were Caucasian. Women were considered to be premenopausal if they were currently menstruating or, if they were not menstruating because of a hysterectomy or other medical intervention, if they had at least one of their ovaries and were less than age 50 years. All other women were considered to be postmenopausal.
Breast cancer cases were women with incident, pri-. mary, histologically confirmed breast cancer identified from pathology records of all of the major hospitals in the two counties during the period between November 1986 and April 1991. After identification of each case, her physician was contacted to obtain consent to invite her for an interview. In all, 66 percent of eligible premenopausal cases and 54 percent of eligible post-Lactation and Breast Cancer Risk 933 menopausal cases agreed to participate. The primary reason for failure to participate was refusal by physicians to allow us to contact their patients. Among premenopausal women, 74 percent of nonparticipation was because of physician refusal; among postmenopausal women, it accounted for 71 percent The time between diagnosis and interview was 2 months on average.
Controls were randomly selected from the two counties, frequency matched on age and county. Women under age 65 years were drawn from the New York State list of licensed drivers, and those age 65 and over were chosen from the list of the Health Care Finance Administration. Of eligible controls, 62 percent of the premenopausal and 44 percent of the postmenopausal women agreed to participate.
Because the controls under age 65 years were all licensed drivers, we asked the cases in that age group if they had driver's Licenses; nine did not. These women were slightly less educated and slightly, although not significantly, older than the other cases. They were included in these analyses.
Interviews
Participants were interviewed in their homes by trained interviewers. The entire interview lasted 2 hours on average. The interview focused on usual diet, medical history, family history of cancer, reproductive history, and other factors relevant to breast cancer risk. Height and weight were by self-report; body mass index was calculated as weight (kg)/height (m 2 ). Family history of breast cancer was defined as having at least one first-degree relative (mother, sister, or daughter) with breast cancer.
As part of the reproductive history, women were asked whether they had breastfed each of their infants and, if so, the length of time of lactation and the reason for stopping. For infants whom they did not breastfeed, the women were asked if they had received a shot or pill to stop milk flow. For analyses of risk associated with stopping lactation because of insufficient milk, we restricted this category to women who reported that they had stopped because of insufficient milk and who had lactated for less than one and a half months. There was no information collected regarding introduction of other foods to the infants or whether the infant was exclusively breastfed.
Statistical analysis
To study the effect of lactation on risk independent of the well-documented effects of pregnancy, all analyses were limited to women with at least one livebirth. Because of indications that risk factors for premenopausal and postmenopausal breast cancer may differ, particularly with regard to lactation, analyses were stratified on menopausal status. Means and standard deviations of relevant variables were calculated; means for cases and controls were compared by using the Student t test (19) . Odds ratios and 95 percent confidence intervals were calculated by using unconditional logistic regression (20) . Tests for trend were computed from the p value of the logistic regression for the continuous variable with the appropriate covariates. For analyses of categorical data, risk was calculated relative to the indicated referent category. Adjusted analyses included control for age, education, family history of breast cancer, history of benign breast disease, age at menarche, age at first birth, parity, and, for postmenopausal women, age at menopause.
RESULTS
Characteristics of the cases and controls included in this study are shown in table 1. Cases and controls were of similar ages and education; parity was slightly higher for the controls than for the cases in the premenopausal women among this group of women with at least one livebirth. Secular trends with respect to lactation are evident in these data: About 45 percent of the premenopausal and 57 percent of the postmenopausal controls ever breastfed. Mean duration of lactation was significantly greater in controls than in cases for the premenopausal women.
Because we were concerned about selection bias, we examined the correlation between duration of lactation and other breast cancer risk factors among the controls. Correlations of these factors with duration of lactation were generally low, at least among the women whom we interviewed. Correlations were on the order of 0.3 or lower, with most lower than 0.1. The strongest correlate with duration of lactation was parity; the correlation was about 0.3 for both premenopausal and postmenopausal controls. The correlation of duration of lactation with education was 0.01 and -0.01 for the premenopausal and postmenopausal controls, respectively (data not shown).
Risks associated with ever lactating and duration of lactation are shown in table 2. While there was a trend toward decreased risk associated with ever lactating for premenopausal women, 95 percent confidence intervals included the null. The odds ratio for 20 months or more of lactation in the lifetime was 0.50 (95 percent confidence interval 0.21-1.12). There was some evidence of a trend toward a greater protective effect associated with increasing duration of lactation for the premenopausal women (p = 0.07). For postmenopausal women, there was no evidence of a protective effect of lactation on risk. We were concerned that it might be inappropriate to adjust for a history of benign breast disease in that such a history might be in the causal pathway. However, results were not different when this factor was removed from the adjusting variables. Results were also unchanged when dietary intake of vegetables and fruits was included in the model. Analysis was also done examining the effect of duration of breastfeeding the first child. For premenopausal women, again there was weak evidence of a protective effect, although it was not as strong as for total duration. The odds ratio for at least 6 months of breastfeeding the first child was 0.84 (95 percent CI 0.71-1.99), and the p for trend was 0.29. Among postmenopausal women, duration of lactation for the first child was not related to risk (data not shown). As shown in table 3, there was no evidence of a difference in risk associated with age at first lactation for premenopausal women. For postmenopausal women, it appeared that the reduction in risk associated with lactation was limited to women who first lactated before age 25 years. However, while these results were adjusted for age at first birth, age at first birth and age at first lactation were highly correlated (r = 0.8), and the number of women with an early first birth who began lactation late was small (n = 24 and 21 for the premenopausal and postmenopausal women, respectively). We also examined the effect of age at first lactation within two categories of total duration of lactation (data not shown). For the postmenopausal women, the results were similar to those shown in tables 2 and 3. There was a some effect for age at first lactation but not for duration of lactation.
There was no evidence that women who reported that they had stopped lactation because of a perception of insufficient milk were at subsequently greater risk of breast cancer (table 4) . For these analyses, insufficient milk was defined as breastfeeding of an infant for less than 1.5 months. There was also no evidence that use of shots or pills to stop lactation increased breast cancer risk (table 5) . In fact, in these data, the use of the medications appeared to be somewhat protective. When the analyses shown in table 5 were restricted to women who had never breastfed, there was again no evidence of increased risk with use of shots or pills (data not shown).
DISCUSSION
In this case-control study of women in western New York State, we found weak evidence of a protective effect of lactation on subsequent risk of premenopausal breast cancer. The reduction in risk for ever breastfeeding was about 20 percent for premenopausal and about 12 percent for postmenopausal women; for 20 or more months of lactation in the lifetime, there was a reduction in risk of about 50 percent for premenopausal breast cancer. There was some evidence of a linear trend with increasing duration of lactation for premenopausal but not for postmenopausal women. For premenopausal women, the effect was found primarily in the highest category of duration.
While several epidemiologic studies give no evidence of an effect of lactation on risk of breast cancer (18, (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) , numerous others, originating from a variety of geographic locations, report some reduction in risk, albeit generally a small one (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) . Although in several cases, confidence intervals for results include the null, there is some consistency in the magnitude of the risk reduction found; there are a number of reports of a reduction in risk on the order of 20-50 percent for ever having lactated (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) . In several studies, the effect of lactation was limited to premenopausal women or at least stronger among them than among postmenopausal women (6, 11, 13, 15, 16) . It may be that the failure to see an effect in some of the studies with null results may be in part because premenopausal and postmenopausal women were examined * OR, odds ratio; Q, confidence interval. t Adjusted for age, education, family history of breast cancer, history of benign breast disease, age at menarche, parity, age at first birth, body mass index, total duration of lactation, and age at menopause (postmenopausal women only). • OR, odds ratio; Cl, confidence interval. t Adjusted for age, education, family history of breast cancer, history of benign breast disease, age at menarche, parity, age at first birth, body mass index, total duration of lactation, and age at menopause (postmenopausal women only).
$ Sample size is somewhat reduced because of missing data.
together. In our study, the magnitude of the reduction in risk was evident primarily for premenopausal breast cancer. It may also be that in some studies, particularly in industrialized populations, duration of lactation is insufficient to see an effect on risk. In our data, the protective effect was limited to women who breastfed for at least 20 months. When results from various populations are compared, differences in practices regarding infant feeding may need to be better understood to come to any conclusions regarding the effect of lactation on risk. In some of the populations studied, there were relatively few women who had never lactated (22, 28) . When the reference group is parous women who have never lactated, these women may have very different characteristics if they come from a population in which long periods of breastfeeding are the norm compared with coming from a population in which breastfeeding is less common. There are also differences between populations and secular trends within populations in infant feeding practices. These differences include the frequency of breastfeeding an infant and the manner of introduction of other foods and therefore the quantity of breast milk provided, such that the meaning of ever having lactated varies considerably. These differences, which may or may not be significant in terms of a biologic mechanism explaining any effect of lactation on breast cancer risk, have not been examined in detail. Brinton et al. (18) recently studied not only the total period of breastfeeding but also the time until supplementation of breast milk with formula. Their essentially null results were similar for both variables in a group of women with a low frequency of breastfeeding and breastfeeding of short duration. Nevertheless, there could be important differences in the effect on the breast tissue of frequent, exclusive breastfeeding of a infant and the effect of infrequent feeding of an older child who is primarily nourished by other foods. When months of lactation are computed, these are combined.
In our study, we found some evidence that the protective effect of lactation for postmenopausal women was restricted to those with First lactation before age 25 years; effects did not differ much by age at first lactation for premenopausal women. However, because age at first birth was highly correlated with the age when lactation began, it was difficult in our data to distinguish the effects of these two factors. There have been two other reports that age at first Am J Epidemiol Vol. 146, No. 11, 1997 lactation modified risk; however, in both of these, the modifying effect of age at first lactation was found for premenopausal women (13, 18) . Others have also reported the strongest effect of duration to be a protective effect associated with duration of lactation of the first birth (8, 10) . That effect may also relate to an effect of age at first lactation. We did not find a stronger effect associated with duration of lactation for the first birth, nor did we find that the effect of age at first lactation among postmenopausal women differed for those with longer or shorter durations of total lactation.
One possible mechanism proposed by Byers et al. (6) for the apparently protective effect of lactation is that women who are unable to breastfeed their children because of insufficient milk supply are at greater risk and that the risk is related to malfunctioning of the breast tissue. They found risk to be greater among women who reported that they had ceased lactation because of insufficient milk. We found no such association nor did others (10, 13, 18) . It has also been suggested that risk may be increased among women who do not breastfeed because of their exposure to medication to stop milk flow at the time of the birth of their infant. There was no evidence of an increase in risk in our study or in others (7, 13, 14, 18, 24) among women who reported that they had received such medications.
There are several hypotheses for the mechanism of an effect of lactation on breast cancer risk. One possible mechanism is that pregnancy and lactation may induce differentiation of the breast tissue, making it more resistant to carcinogenesis (31) . This possible mechanism implies that lactation at a younger age would protect against the effects of subsequent carcinogenic exposures and would therefore have a greater impact. As discussed above, there is indeed some evidence for such a protective effect. In addition, one would expect that women with an early age at first birth and at first lactation would show less risk with exposure to other carcinogens. Examination of such effect modification is merited but would require analysis of large groups of cases and controls. Another possible mechanism is that, because lactation is associated with amenorrhea, it is the associated reduced exposure to the cyclic hormones of menstruation that is significant. To study such an effect, detail would be required regarding women's experience of amenorrhea during lactation; the time of lactation-related anovulation is not necessarily the same as the time of lactation. However, one study that examined this factor found that lactation was more strongly associated with risk than was the duration of the amenorrhea (7) . Further study of such a relation is warranted. Another potential mechanism for a protective effect of lactation is that the breast milk in some way protects the breast tissue. For example, there could be protection by excretion of fat-soluble carcinogens (32) . There is some evidence that the level of a potential carcinogen, cholesterol /3-epoxide, is lower in the breast fluid of women during lactation and for up to 2 years after lactation (33) . There are also lower levels of estrogen in breast fluid in the years after lactation (34) . In one small study, there was evidence of higher levels of carotenoids in colostrum during lactation for subsequent births compared with first births (35) . Lactation may alter the breast so that the tissue is less exposed to potential carcinogens and more exposed to potentially protective agents.
In interpretation of the results of our study, the issues of bias relevant to case-control studies need to be taken into account. While the study was designed to be representative of the populations of the two counties, the response rate for this study was low. Most of the lack of case response was related to physician refusal to allow us to interview their patients; this refusal was probably not related to patient characteristics, although this possibility cannot be ruled out. It may be, however, that women with the most severe disease were not included so that our results may not generalize to that group. For controls, we conducted a study asking a few questions of potential participants over the telephone at the time of the initial contact. These questions were asked of both women who agreed to participate and those who did not. The questions were primarily with regard to usual diet, and data were not available on lactation or on descriptive factors such as education. There was strong agreement between participants and nonparticipants, providing some evidence that they may not differ (36, 37) . Further duration of lactation was not correlated, at least among participants, with education among controls suggesting that if there were differential participation by socioeconomic status, it might not affect the results. Nevertheless, the possibility of selection bias among both cases and controls needs to be taken into account in interpretation of these findings. Recall bias and random error in recall are also concerns, in that lactation histories were by self-report. There is some evidence that reproductive histories are reported with good reliability by both cases and controls (38) .
While the evidence is certainly not conclusive, the consistent finding in a fair number of epidemiologic reports of a weak protective effect of breastfeeding certainly merits further consideration in terms of the potential mechanisms. Further examination of the breastfeeding experience, of longer durations of lactation, of the changes in breast tissue with breastfeeding, and of changes in the breast fluid with lactation will help to elucidate the role of this practice in the etiology of breast cancer. In any case, the advantages of breastfeeding to the health of an infant are well established and prompt a clear public health message that it ought to be encouraged.
